Background: Increased iron overload is frequent problem in thalassemia patients, and this is monitored by serum ferritin levels or chemical assessment of the iron levels in liver tissue. However, repeated monitoring of serum ferritin levels to assess the iron overload is an invasive procedure associated with practical problems. Aims: To use Perl's Prussian blue reaction to evaluate the iron overload in beta-thalassemia patients by staining the oral cytosmears. Materials and Methods: The study comprised 35 patients diagnosed with beta-thalassemia. Cytosmears were prepared from exfoliated oral epithelial cells, fixed in 70% ethanol and stained with Perl's Prussian blue stain for detection of blue colored granules in the cytoplasm. Results: 29/35 (82.9%) cases showed a positive reaction for Perl's Prussian blue reaction while 6/35 (17%) cases did not show the presence of blue colored granules in the oral cytosmears. The presence of iron detected by Perl's Prussian blue reaction correlated with serum ferritin level (P < 0.05). Conclusion: Perl's Prussian blue reaction can be used to evaluate the iron overload in beta-thalassemia patients by staining the oral cytosmears. It is a simple and noninvasive method for assessment of iron overload in such patients.
Introduction
The thalassemias are a group of hemoglobinopathies characterized by a deficient synthesis of protein chains (either α or the β) of globin in the hemoglobin molecule. [1] Affected individuals are either heterozygotes, homozygotes, or compound heterozygotes for the αor β-chain genes. The heterozygous individual are known as having the αor β-thalassemia trait which is the milder form; the homozygous state is known as α-thalassemia or β-thalassemia major (Cooley's anemia) which presents with severe manifestations of the disease. The condition was first described by Thomas Cooley and Pearl Lee Detroit in 1925. [2] In β thalassemia major, the production of beta globin chains is severely impaired as mutation occurs in the sequence of beta globin gene which results in a severe or total suppression of beta chain synthesis. The patient has anemia and the red blood cells (RBCs) show microcytic and hypochromic appearance with an aberrant morphology. Beta-thalassemic patients undergo repeated blood transfusions. This hypertransfusion treatment results in iron overload which is life-limiting complication commonly found in thalassemia patients. [1] It is mainly because of ineffective erythropoiesis and increased absorption of iron in gastrointestinal tract, lack of physiologic mechanism for excreting excess iron, and above all multiple For reprints contact: reprints@medknow.com blood transfusions. [3] Normal individuals require 1-2 mg/l of elemental iron physiologically, an amount readily available in the diet. A unit of packed RBCs contains 250-300 mg iron (1 mg/ml), so that a single transfusion of two units of packed RBCs is about equal to a 1-2 year intake of iron. There are no mechanisms for increasing the excretion of iron beyond normal daily losses. Iron thus rapidly accumulates in chronically transfused patients. [4] The signs of a clinical toxicity become apparent, when the body iron concentration reaches 400-1000 mg/kg of the body weight. Iron overload occurring due to repeated blood transfusion leads to excessive parenchymal accumulation of this element, causing multiorgan failure and death subsequently. [5] The signs of iron overload can be usually seen after 10-12 transfusions. Body iron status can be evaluated by assessing serum ferritin level for the diagnosis of iron overload and monitoring the response to treatment. However, serum iron concentration is increased in some diseases even when the body iron stores are within normal limits, as in acute and chronic liver damage, malignancies, infections, and megaloblastic anemia. A liver and bone marrow biopsy is, therefore, required to accurately identify iron overload in parenchymal cells, but these procedures are invasive and, therefore, are not advisable in each case.
The present study was designed to assess the utility of Perl's Prussian blue in the exfoliated buccal epithelial cells assess the iron overload and its correlation with serum ferritin levels in beta-thalassemia patients undergoing repeated blood transfusions. [6] 
Materials and Methods
The present study comprised 35 β-thalassemia major patients in the age group of 5-28 years undergoing repeated blood transfusions and 10 systemically healthy patients in the control group. Ethical clearance was taken from the Institutional Review Board. Patients with iron deficiency anemia, megaloblastic anemia, hepatitis, malignancy, and chronic liver damage were excluded from the study. A detailed case history was recorded and the hematological findings were recorded. The study subjects were regularly taking oral iron-chelation therapy for more than 1 year. The buccal mucosa of the patients were scraped with a wet wooden spatula after rinsing their mouth with distilled water and smeared onto a glass slide. The smear was fixed immediately in 70% ethanol for 1 h and then stained with Perl's Prussian blue. One percentage aqueous neutral red was used as the counterstain. The stained smears were examined under the research microscope (Olympus B ×41) to study the presence or absence of blue colored intracytoplasmic granules in the oral epithelial cells. The iron overload was assessed using serum ferritin levels of the patients at the time of taking the oral cytosmears.
Results
The study group included 21 males (60%) and 14 females (40%) and the mean age was 16.07 ± 6.57 years. The positive cytological smears showed blue colored granules in the cytoplasm of exfoliated oral epithelial cells stained with Perl's Prussian blue stain [ Figures 1 and 2 ]. Twenty-nine (82.9%) cases showed positive reaction for Perl's Prussian blue reaction while 6 (17.1%) cases did not show the presence of blue colored granules in the oral cytosmears. The presence of iron by Perl's Prussian blue staining reaction was correlated with serum ferritin level and a statistically significant difference (t-test, P < 0.05) was observed for the presence of high iron overload and its detection through Perl's Prussian blue in exfoliative cytology [ Table 1 ]. However, the results did not correlate statistically with gender of the patients thus indicating that the findings were not related to gender in the study group [ Table 2 ]. The number of cases with exfoliative cytosmears showing reaction with Perl's Prussian blue correlated with the increasing levels of serum ferritin levels in these patients [ Figure 3 ].
Discussion
Beta-thalassemia is characterized by increased serum iron levels due to combined effects of increased ferritin synthesis and the release of intracellular ferritin from damaged cells. [7] Iron stores in the body show variation depending mainly on the intensity of transfusion and the efficacy of chelation. [8] Iron overload can also be seen in various conditions such as hereditary hemochromatosis, thalassemia major, aplastic anemia, and myelodysplasia due to the lack of specific excretory pathways.
The parenchymal iron overload can be assessed by liver and bone marrow biopsies. Chemical quantification of iron in liver biopsy tissue has been considered the "gold-standard" for assessing body iron stores. Telfer et al. highlighted the limitations of a single biopsy in predicting long-term complications exfoliated oral epithelial cells. The cytosmears were used to assess the iron overload by using Perl's Prussian blue staining reaction by histochemical demonstration of iron in the cytoplasm of the oral epithelial cells. Perl's Prussian blue reaction is based on the principle that acidified potassium ferrocyanide solution binds to iron in tissue, forming a relatively insoluble blue-purple precipitate. [9] In the present study, 82.9% cases showed positivity for Perl's Prussian blue staining reaction in the cytological smears of exfoliated buccal cells. Our findings were similar to those observed by Nandaprasad et al. [4] who observed 65%, Bhat et al. [10] who found (71.7%), Gupta et al. [11] who found 61.6% positivity, and Gururaj and Sivapathasundaram [6] (2003) who observed 100% positivity. The presence or absence of these granules is not age or gender specific as previously shown by Nandaprasad et al. Based on the results of our study, it can be stated that Perl's Prussian blue reaction can be utilized as an objective indicator of iron overload in beta-thalassemic patients with high levels of iron overload.
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